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0 Coating composition exhibiting improved resistance to environmental attack. 



0 A coating composition for the protection of substrates against environmental attacic comprising, in weigtn 
percent based on tiie solvent-free weight of the composition, from atxHit 8% to about 35% of at last one film 
forming poiymen from 0 to aix>ut 60% of a conroslon inhibiting agent such as nietai chromates. metal 
phosphates, metal molyixiates. particulate metallic zinc and/or particulate metallic aluminum: from 3% to at)out 
6% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes ranging from ai>out 
0.007 to atx)ut 0.04 micron; from about 15% to about 55% of at least one crystalline silica having an oil 
absorption value of less tiian 20 measured by ASTM Standard Test 0281-84; and 0 to 35%. based on the total 
weight of the composition, of at least one solvent compatible with the polymer. The compositions can be 
prepared in organic solvent-based, water-based, or solvent-free powder forms, and have utility as primer 
coatings for aircraft and aerospace vehicles, and for protecticxi of metallic substrates against corrosion. 
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COATING COMPOSITION EXHIBITINQ IMPROVED RESISTANCE TO ENVIRONMENTAL ATTACK 



RELD OF THE INVENTION 



This Invention relates to a coating composition which provides improved resistance to environmental 

5 attack utilizing conventional binders, by Incorporation of high levels of both crystalline and micro particle 
amorphous silicas. The invention achieves improved corrosion resistance, either with or without the 
presence of corrosion inhibiting agents or powdered metal, in organic solvent-based binder systems 
containing epoxy. phenoxy. urethane, vinyl chloride, acrylic, polyester, or alkyd type polymers, and in 
water-based or solvent-free powder fonm binder systems containing epoxy, urethane, polyester and vinyl 

w chloride polymers. Although not so limited, in one embodiment the invention has particular utility as an 
epoxy-based primer coating composition for aircraft and aerospace vehicles which exhibits greatly improved 
saltspray resistance and compatibility with existing polyurethane topcoats in the aircraft industry, while at 
tiie same time meeting the increasingly stringent requirements for low volatile organic content (VOC) 
imposed by federal and state regulatory agencies. 

15 In another emtxxiiment. the invention provides a powder fomn coating composition containing zinc or 
aluminum powder, or mixtures thereof, which may be applied by spraying to a metal substrate which is 
heated to a temperature sufficient to melt the powdered resin binder, causing it to flow and form a film in 
which the remaining particulate ingredients are uniformly suspended. 

In a further embodiment the invention provides a zinc-rich or aluminum-rich liquid coating composition 

20 which may be a one component or a two component system having a VOC not greater than 25% by weight 
of the total composition (i.e. less than 340 grams per liter). This emt)odiment also includes water-based 
epoxy-pdyamide binder compositions containing zinc and/or aluminum. 

25 BACKGROUND OF THE INVENTION 



Primer coats for aircraft are required to withstand 3000 hours saltspray resistance with a deposition of 
about 15 microns (atx)ut 0.6 mil), and to avoid osmotic blister formation when topcoated and subjected to 

30 168 hours immersion in water at 150* F (about 65* C). This is referred to as compatibility. Osmotic blisters 
are caused by a rapid loss of weight as the corrosion inhibiting agents dissolve, leaving numerous voids in 
the primer coating which result in a collapse of the topcoat Saltspray resistance is determined by the test 
set forth in Nortiirop Corporation Material Specification NAI-1269 Revision G. 

Since conventional aircraft primers contain corrosion inhibiting pigments such as chromates of zinc. 

35 strontium, and/or tiarium, zinc molytxjate, zinc phosphate, and the like, it has been necessary for ttie prior 
art to use an epoxy polymer of relatively Itigh molecular weight which is solid at room temperature, in order 
to cause the metal chromates to dissolve or ^leach" gradually during ttie 168 hours water immersion test at 
150* F. or the comparable test of condensing humidity for 1550 hours at 120' F (at30ut 50* C). These 
medium to high molecular weight epoxy polymers used in the prior art require relatively high levels erf VOC, 

40 well above the current permissible maximum of 340 grams per liter. 

United States Patent 3,954,693, issued May 4. 1976. to C.C. Fbng. is representative of prior art coating 
compositions for aircraft utilizing an epoxy resin binder with a polyisocyanate hardener of specific type, 
pigments such as zinc, cobalt and strontium chromates. a suspending agent which may comprise 
pyrogenic silica in amounts up to 4% by weight of the epoxy resin, a catalyst, an epoxy-containing silane as 

45 a coupling agent and volatile organic solvents ranging from about 40% to about 85% by volume of tfie 
composition. In all specific examples, the total solvent content was at least 40%. 

In order to attain tiie higher solids levels needed to meet the low VOC requirements, a relatively low 
molecular weight epoxy polymer Is required which is liquid at room temperature. However, the lower 
molecular weigfit of liquid epoxy polymers permits rapid leaching of the corrosion inhibiting agents 

50 (chromates and the like), thereby reducing saltspray resistance and causing blistering when topcoated with 
polyurettiane and immersed in water at 150* F for 168 hours. 

This dilemma has made it impossible for conventional coating compositions simultaneously to meet the 
saltspray resistance and 150* F water immersion tests and to comply with the low VOC requirements. 
Consequentiy, the aircraft and aerospace industry has been operating under a waiver of the low VOC 
requirement, pending development of a primer composition which would effectively meet all requirements. 
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The above problems are further complicated by recent restrictions on the use of zinc and strontium 
chromates due to the cardnogenic nature thereof. Moreover, zinc phosphate has been found to be less 
effective as a corrosion inhibiting agent in comparison to zinc or strontium chromates. 

United States Patent 4.748,194, issued May 31, 1988, to T. Geeck. discloses a coating composition 

5 containing from 13 to 52 parts per hundred of a powdered metal (zinc, cadmium, stainless steel, 
aluminums, and alloys thereof), a linear epoxy or phenoxy resin having an average molecular weight of less 
than 15.000, a crossllnking blocked isocyanate, and active and inactive organic solvents. Optionally, a 
suspension agent and a thixotropic agent may be added. Polyethylene in amounts up to 5 parts per 
hundred is mentioned as a suspension agent, and silane treated silica dioxide in amounts up to 2 parts per 

10 hundred is mentioned as a thixotropic agent. 

United States Patent 3,998,771, issued December 21. 1976, to TJ. Feneis. Jr. et al.. discloses a water- 
based coating composition containing about 55% to 70% by weight zinc dust (based on the total weight of 
the composition), about 2% to 10% by weight of a liquid grade epoxy resin, and about 2% to 10% by 
weight of a polyamide-epoxy resin adduct (k>k)r pigment in an amount up to about 0.75% may be added. 

;5 This is a three-component system since the zinc is mixed with the binder at the time of use. This would 
preclude industrial moving line applications and the like. 

French Patent Application 2.602.239. published February 5, 1988. In the name of Ronald Savin (the 
present inventor), discloses a two phase coating composition containing up to 70% by weight of a 
powdered metal (based on the total weight of the composition), from about 2% to 30% by weight of a film- 

20 forming polymer, from about 2% to 30% by weight of a hardener for the polymer, from at least 1.8% to 
30% of an agent for control of riieological characteristics, and up to 30% by weight organic solvents. The 
preferred polymer is an epoxy resin having an average molecular weight of 350 to 3800. Vinyl chloride 
polymers may also be used. The agent for control of rfieologtoal characteristics comprises at least one 
pyrogens siKca, and optionally at least one natural or transformation siKca having an oil at)sorption value 

25 preferably not greater than 90 and more preferably not greater than 40. 

It is known that the length of path which moisture must diffuse to penetrate a protective coating on a 
metal surface is greater for lamellar or flakeiike pigment particles than a coating containing amorphous 
pigment particles. The platelike pigment structure provkies a tight film barrier whfch Inhibits the passage of 
moisture and atmospheric contaminants. 

30 Naturally occurring metal oxides, such as micaceous iron oxide with particle sizes ranging from about 
15 to 100 miaons, have been applied with about 20 layers of interieaved lamellar particles (about 5 mils in 
thickness) to form a layered protective coating which is extremely moisture resistant. However, this prior art 
type of pigmentation is not suitable In protective coalings for aircraft, automotive components and electrical 
equipment since such products must be coated in production lines with depositions between about 0.5 and 

35 1.5 mils (12.5 and 37.5 mterons) in thickness. In order to obtain a smooth topcoat of about 6 to 8 Hegman 
gauge, it is essential that the primer be milled to a fine grind. Consequently, the penetration of moisture 
must be inhibited by pigmentation other than a high bulk!, rough lamellar particle interleave. 

ft is. therefore, evident that a genuine need exists for coatings of all conventional types (organic solvent- 
based, water-based and powder), which exhibit improved resistance against environmental attack and. in 

40 particular, primer coatings in the aircraft and aerospace field. 

SUMMARY OF THE INVENTION 

45 

It is an object of the invention to provide coating compositions using conventional binders which exhibit 
improved resistance to environmental attack. 

It is a further object of tiie invention to provide a coating composition having an epoxy, or a 
polyurediane/polyester t)inder and optional conroskin inhibiting agents for use in the aircraft industry, which 
50 exceeds ttie saltspray and hot water test requirements while at the same time meeting the tow VOC 
requirements currently In effect and having a viscosity suitable for deposition by conventional equipment 

It Is anottier object of tiie invention to provide a coating composition of the organic solvent-k>ased, 
water-l)ased or powder type, containing powdered metal, which can be applied to metallic sut>strates 
(primarily ferrous metals) in production lines with conventional equipment Here again, in organic solvent- 
55 based compositions the low VOC requirements are met 

According to the invention, there is provided a coating composition for the protection of sut>strates 
against environmental attack, comprising, in weight percent based on the dry or solvent-free weight of tiie 
composition: 



3 



EP0 385 880 A2 

from about 8% to about 35% of at least one film-forming polymer; 

0 to about 60% of a corrosion inhibiting agent or pigment selected from the group consisting of metal 
chromates, metal phosphates* metal molybdates, particulate metallic zinc, particulate metallic aluminum, 
and mixtures thereof; 

5 from 3% to about 6% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes 
ranging from about 0.OO7 to about 0.04 micron (about 7 to about 40 nacrons); 

from about 15% to atxxjt 55% of at least one crystalline silica having an oil absorption value less than 20 
measured by ASTM Standard Test D281-84; and 

0 to 35%, based on the total weight of the composition, of at least one solvent compatible with the polymer. 

10 According to the invention, there is provided a coating composition for the protection of substrates 
against environmental attack having particular utility as a primer for aircraft and aerospace vehicles, 
comprising, in weight percent based on tiie dry weight of the composition, from dbouX 10% to at>out 35% of 
a film-fonning polymer which is liquid at room temperature in the presence of not more than 25% by weight 
solvents; up to BtoxA 25% of a corrosion inhibiting agent selected from the group consisting of metal 

75 chromates, metal phosphates, metal molybdates, particulate metallic aluminum, and mixtures thereof; from 
3% to at>out 6% of a plurality of grades of amorphous pyrogenic silicas having average particle sizes 
ranging from about 0.007 to about 0.04 micron; from about 20% to about 50% of a crystalline silica having 
an oil absorption value of less than 20 measured by ASTM Standard Test D 281 and not greater than 
25%. based on tiie total weight of the composition, of at least one solvent compatible witii the polymer, the 

20 composition tiaving a viscosity suitable for application of coatings by conventional equipment 

The invention further provides a two component coating composition for the protection of substrates 
against environmental attadc having particular utility as a primer for aircraft and aerospace vehicles, tiie 
composition after admixture having a viscosity suitable for deposition of coatings by conventional equip- 
ment comprising, in weight percent based on the dry weight of the composition after admixtore, from about 

25 10% to about 30% of a film-forming epoxy polymer, the polymer bemg liquid at room temperatore; from 
atx3ut 5% to about 30% of a crossiinking agent for the epoxy polymer; up to about 20% of a corrosion 
inhibiting agent selected from* the group consisting of metal chromates, metal phosphates, metal molyt>- 
dates, particulate metallic aluminum, and mixtores tiiereof; from 3% to about 6% of a plurality of grades of 
amorphous pyrogenic silica having average particle sizes ranging from 0.007 to about 0.04 micron; from 

30 about 20% to about 50% of a crystalline silica having an oil absorption value of less than 20 measured by 
ASTM Standard Test D281-84: and from about 10% to about 25%, based on the total weight of the 
composition, of at least one organic solvent compatible with the epoxy polymer and the crossiinking agent 

A two component zinc-rich coating composition of the invention having particular utility in tiie protection 
of ferrous substrates against environmental attack comprises, in weight percent t>ased on the weight of 

35 tfie composition after admixhire. from about 8% to alsout 25% of a film-fonning polymer selected from the 
group consisting of epoxy resins having an epoxide value of about 250 to 2500. vinyl chloride resins 
copolymerized with pblyisocyanates. vinyl chloride resins copolymerized with melamines. and mixtures 
thereof; from about 25% to about 60% of particulate metallic zinc as a corrosion inhibiting agent; from 3% 
to about 6% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes ranging 

40 from atx)ut 0.007 to atxmt 0.04 micron; from at)0ut 20% to about 30% of a crystalline silica having an oil 
absorption value fess than 20 measured by ASTM Standard Test D281-84; from 0 to alxHit 30% of a 
crossiinking agent for sakJ polymer, and not more than 25% organic solvents, based on the total weight 
after admixture. 

The invention also provides a coating composition In powder fonm having utility in the protection of 
45 ferrous metal sulistrates agasnst environmental attack, comprising, in weight percent based on the total 
weight of tiie composition, from about 10% to about 30% of a particulate epoxy resin having a melting point 
not greater than at)out 250* C; from about 25% to atxart 55% particulate metallic zinc having a mean 
particle size between about 2 and aixxit 10 microns as a conroslon inhibiting agent; from 3% to atx)ut 6% of 
a plurality of grades of pyrogenic amorphous silicas having average particle sizes ranging from about 0.007 
so to about 0.014 micron; and from about 20% to about 30% of a crystalline silica having an oil absorption 
value less tiian 20 measured by ASTM Standard Test D281-84. 

DETAILED DESCRIPTION OF THE INVENTION 

. 55 

The present invention is based on the concept that improved resistance against environmental atteck 
can be achieved by providing a physical or "mechanicar screen within the deposited coating which 



4 



EP 0 385 880 A2 



virtually inhibits the passage of water, saltspray. moisture resulting from humidity, and the like, into and 
through the coating and ultimately, into contact with the substrate. A screen of this type would control the 
leaching of conrosion inhibiting agents such as metal chromates. phosphates and molybdates. Numerous 
types of extender pigments having relatively high oil absorption values were tested for this purpose, 
5 including hydrophobic silica (sllane treated silica), large amounts of relatively small particle size silica, talcs, 
dialomaceous earth, magnesium silicates, aluminum silicates, and similar materials. All such materials were 
unsuccessful. 

It was found that the extender pigments listed above, when incorporated in quantities which should be 
sufficient to blocic the passage of moisture effectively, have- oil absorption levels which render the coating 

w short or "cheesy" and hence ineffective as a moisture ban-ier when deposited in films of about 0.5 to 5.5 
mils thickness. In accordance with the present Invention, it has been determined that up to 55% by weight 
of the dried film can comprise a crystalline silica having an oil absorption value of less than 20 without 
degrading the coating. Levels of about 30% to about 50% by weight of this silica in a dried organic coating 
(without corrosion Inhibiting agents present) greatly reduce penetration of moisture into the film. This low oil 

15 absorption value is considered critical. However, when incorporating such crystalline silica into tiie low 
molecular weight epoxy or polyurethane resins needed to meet the low VOC requirements for aircraft and 
aerospace primers, tiie leaching or solut>ilization of conrosion Inhibiting agents (such as metal chromates. 
metal molybdates, and metal phosphates required by government specifications) is substantially increased, 
with the result ttiat osmotic blister formation occurs when topcoated and subjected to the above-described 

20 168 hour water immersion test at 150* R This problem is solved in the present invention by inclusion of a 
series of secondary microparticle pigments to block the moisture penetration not contained by ttie 
crystalline silica of low oil aI>sorption value. 

l\4ore specifically. It has been found that witfi the addition of 3% to about 6% by weight (based on tiie 
solvent-free weight of tiie composition) of mixed grades of amorphous pyrogenic silicas having average 

25 particle sizes between aliout 0.007 and 0.04 micron along witii crystalline silica, virhjally all moisture is 
blocked from penetrating the film, producing a very stow leaching of conrosion inhibiting agents. Saltspray 
resistance over aircraft aluminum sut>strates reaches levels in excess of 15,000 hours with no damage to 
tiie metal substrates, and development of osmotic blisters in the topcoats is prevented substantially beyond 
the 168 hours required by the standard test 

30 These improved results are also attained in all ottier embodiments, both witti and without ttie presence 

of conrosion inhibiting agents. 

A further advantage of Oie mixed grades of pyrogenic silicas used in the compositions of this inventfon 
is the capability of obtaining a viscosity in solvent-based and water-based embodiments suitable for 
application by conventional equipment In preliminary tests wherein all tire pyrogenic silica had an average 

S5 particle size of 0.007-0.008 micron, it was found ttiat Incorporation of more tiian about 4%. based on tiie dry 
weight of the composition, of such silica resulted in a viscosity which was much too high for application by 
conventional equipment, when following tiie recommendations of tiie producers of pyrogenic silica for 
incorporation of such silica into coating compositions. Surprisingly, substitution of as littie as about one-tiiird 
ttie total weight of pyrogenk: silica of a mixture of pyrogenic sllk:as having average particle sizes ranging 

40 from about 0.014 to about 0.04 micron resulted in reduction of viscosity to a useable value wittiout requiring 
an increase in solvents content above the prescribed levels. 

Pyrogenic amorphous silicas having average particle sizes ranging from 0.007 to 0.04 mrcron are 
produced from specific treatments such as high temperature hydrolysis of silicon tetrachloride or from 
transfonnation of silica in an electric arc. Suitable silicas having tiie required microparticle sizes include 

45 tfiose mari<eted under tiie trademarit "Aerosir by Degussa, and "Cabosil" by Cabot Corporation, f^ore 
specifically, "Aerosil 300" has an average particle size of about 0.007 micron: "Aerosil 380" also has an 
average particle size of about 0.007 micron; "Cabosil HS5" has an average particle size of about 0.008 
micron: "Aerosll 200" has an average particle size of about 0.014 micron; "Aerosil 130" has an average 
particle size of atxxjt 0.018 micron; and "Aerosil 50- has an average particle size of about 0.04 micron. In 

50 all compositions of tiie present invention (solvent-based, water-based and powder Ibmi). preferably at least 
fcMir of tiiese grades are used in admixture. More preferably, from about one-ttiird to about two-ttiirds 
comprise a silica grade or grades having an average particle size of about 0.007 and/or about 0.008 micron, 
witti ttie remainder being a mixture ranging from about 0.014 to about 0.04 micron in average particle size. 
The broad range, based on tiie dry weight of the composition, of the mixed amorphous pyrogenic 

55 silicas is from 3% to afcKJut 6%. A preferred range is from about 3.1% to about 5%. This encompasses botti 
epoxy and urethane binders in solvent-based, powder and aqueous forms. 

A minimum of 3% by weight, based on tiie dry weight of ttie composition, of mixed amorphous 
pyrogenic silicas having average particle sizes ranging from 0.007 to 0.04 micron, in combination with about 
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20% to about 55% by weight (based on the dry weight of the composition) of crystalline silica having an oil 
absorption value of less than 20. is thus considered to be critical in the composition of the present 
invention. The maximum amount of amorphous pyrogenic silica is not critical and is dictated primarily by 
the viscosity desired in the admixed composition. The maximum may be about 6% by weight of the dry 

5 composition for epoxy. vinyl chloride, and urethane binders. 

As indicated above, the compositions of the invention require a crystalline silica having an oil absorption 
value or number of less than 20 measured by ASTM Standard Test D281-84 (which is set forth hereinafter). 
This crystalline silica is present in an amount ranging from about 15% to BbouX 55% by weight, based on 
the dry weight of the composition, and preferably from about 20% to about 45%. In a two component epoxy 

10 system, the crystalline silica may be present in tx>th components. A natural crystalline silica sold under the 
trademark NOVACITE by Malvern Minerals 0)mpany has been found to be suitable. It has an oil absorption 
value of about 17. A silane-treated crystalline silica sold under the trademark NOVAKUP by Mah/em 
Minerals Company is also suitable, and it has an oil absorption value less than 20. The particle size of the 
crystalline silica is not critical and may range from atx)ut 2 to about 8 microns, with an average of atx)ut 5 



In a coating composition in accordance with the invention for aerospace applications, a film-forming 
polymer which is liquid at room temf^rature. when dissolved In not more than 25% by weight solvents, is 
present within the range of from about 10% to about 30% by weight and preferably from about 20% to 
about 30%. The polymer may be an epoxy. phenoxy. urethane. vinyl chloride, acrylic, polyester, or alkyd 
20 type resin. As is knovm In the art. epoxy, phenoxy. urethane and vinyl chloride polymers coreacted with 
blocked or unbk)cked poiyisocyanates. or melamines, may be either two component or one component 
systems. 

Epoxy polymers useful in the invention preferat>ly contain at least one epoxy function per molecule with 
the formula 



Typical epoxy polymers include the reaction product of an epihalohydrin. e.g., epichlorohydrin. and a 
polyol such as glycerol, a polyphenol or a t)is-hydroxy(^enyl alkane. e.g. btsphend-A. The molecular 
35 weight is within a range which renders the polymer lk|uld at room temperature, lor aerospace applications. 

Shell 828. produced by Shell Oil Company, has been found to t>e a satisfoctory k)w molecular weight 
epoxy polymer. The epoxide value Is from 182 to 192. Other equivalent epoxy polymers are commeidally 
available. 

For embodiments of the invention in solvent-based or powder forms adapted for use as corroslon- 
40 inhibiting coatings on ferrous metal substrates (generally containing metal powder), a higher molecular 
weight polymer is used which is solid at room temperature. For solvent-based compositions. Shell 1001 is a 
suitable epoxy resin. The epoxide value is from 475 to 525. Other equivalent epoxy resins are commercially 
available, having epoxide values ranging from about 400 to about 600 for solvent-based compositions, and 
from 900 to about 2000 for powder compositions. 
45 Vinyi chloride can be coreacted with blocked or unblocked poiyisocyanates. or melamines. as is known 
in the art 

Suitable vinyl copolymers which are solid at room temperature are commercially available. These will 
be liquid at room temperature by addition of less ttian 25% by weight solvents. 

Urettiane. acrylic, polyester, or alkyd type polymers which eitiier are liquid at room temperature, or are 
50 rendered liquid by less than 25% solvents, are also commercially available, and the manner of production 
thereof is known in tfie art. Uretiiane polymers are produced by reaction of a polyisocyanate with a polyol. 
usually in tiie presence of an organometal catalyst, as taught In United States Patent 3.725.355. issued April 
3. 1973, to D.B. Parrish et al., the disclosure of which is incorporated by reference. 

Crosslinking agents or hardeners for epoxy resins include at least one compound with an -NHa, 
55 -CONH2. -NHR, -CONHR and/or -COOH fonctionai group, which react witti ttie epoxy fonctlon. as is well 
known. The preparation of epoxy resins and crosslinking reactions are descritted in the above-mentioned 
U.S.P. Patent 3,954,693, and this disclosure is incorporated by reference. Preferably aliphatic or aromatic 
polyamides are' used as crosslinking agents. The weight ratio of epoxy polymer to hardening agent 
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preferably ranges from about 3:1 to about 1:1. The crosslinldng agent may range from about 5% to about 
30% by weigfit of the total composition, and preferably fnm about 10% to about 25%. 

Suitable commercially available polyamfdes include Versamid and Uredur, sold by Schering, and 
equivalents. 

5 In compositions for aerospace applications, up to about 25% of at least one particulate conrosion 
inhibiting agent may t:>e present selected from the group consisting of metal chromates. metal phosphates, 
metal molybdates, metal powders, and mixtures tiiereof. Conventional conrosion inhibiting pigments include 
zinc, strontium, and barium chromates, although tfie carcinogenic nature of zinc and strontium chromates 
has made ttieir use undesirable. Metal molybdates such as zinc molybdate, are preferred con-osion 

70 inhit)iting pigments. Zinc, strontium or chromium phosphates are also used conventionally as corrosion 
inhibiting agents as is tiie case witii zinc and aluminum powders. Metal oxides may also be added to obtain 
a desired color. 

Organic solvents which are compatible with epoxy polymers and hardening agents and witii polyure- 
thane and polyester include ketones such as metiiylethyiketone, methylpropylketone, methylisobutylketone, 
15 methylamylketone. and cyclohexanone; aloofrals such as butanot and isopropanol; esters such as butyl and 
amyl acetates; and aromatic solvents such as toluene and xylene. As indicated above, not more than 25% 
by weight of such volatile organic solvents are present in the composition of the invention, and preferably 
from about 10% to less than 25% of at least one of the atx>ve solvents is present, based on the total weight 
of the composition. 

20 tt is preferred that a coupling agent such as a sllane and/or an organo-silicon compound having an 

epoxy group be present in the composition in order to improve adhesion of the coating to tiie substrate. Up 

to 2% of such a coupling agent may be present, based on the dry weight 

When using an epoxy polymer, a conventional catalyst may be added to accelerate ttie reaction 

between ttie polymer and the crosslinking agent The catalyst may be an organometallic compound, an 
25 amine, and/or a polyamine, in an amount ranging from about 0.1% to about 10% by weight based on the 

weight of tiie epoxy polymer, preferably up to 5% based on the dry weight of the composition. 

A prefen^ed two component epoxy binder coating for aerospace applications composition in accordance 

with the invention comprises, in weight percent based on the dry weight of the composition after admixture: 

from about 15% to about 30% of an epoxy polymer having at least one epoxy function per molecule, the 
30. epoxy polymer being liqukj at room temperature; 

from about 10% to atKHJt 20% of a polyamide crosslinking agent for the epoxy polymer; 

from about 10% to about 25% of a corrosion inhibiting pigment selected from the group consisting of zinc 

chromate, strontium chromate. barium chromate, zinc phosphate, aluminum powder, and mixtures thereof. 

from about 3% to about 6% of a plurality of grades of amorphous pyrogenk; siricas having average particle 
3s sizes ranging from about 0.007 to about 0.04 micron; 

from aljout 20% to atXHJt 45% crystalline silica having an oil absorption value of less ttian 20 measured by 

ASTM standanj test D281-84; 

up to 2% of a coupling agent selected from the group consisting of a silane, an organo-silicon compound 
having an epoxy function, and mixtures thereof; 
40 up to 5% of a catalyst selected from the group consisting of an organometallic compound, an amine, a 
polyamine, and mixtures thereof; and 

from about 10% to less tiian 25%, based on the total weight of the composition, of volatile organic solvents 
selected from tiie group consisting of metiiylethyiketone, methylpropylketone. methylisobutylketone. 
mettiylamylketone, cycloh^canone, butanol, isopropanol. toluene, xylene, and mixtures ti^reof. 
45 A two component urethane binder coating composition lor aerospace applications in accordance with 
the invention comprises, in weight percent based on the dry weight of tiie composition after admixture: 
from about 10% to about 30% of a film-forming polyol-containing polyestor; 

from about 7% to about 25% of an isocyanate polymer as a crosslinking agent tiie polyester and the 
isocyanate polymer being liquid at room temperature in the presence of not more than 25% by weight 
50 solvents; 

up to atxMit 25% of a conrosion inhibiting agent selected from the group consisting of metal chromates. 
metal phosphates, metal molybdates. aluminum powder, and mixtures thereof; 

from 3% to about 6% of a plurality of grades of amorphous pyrogenic silicas having average particles sizes 
ranging from atraut 0.007 to about 0.04 micron; 
55 from about 20% to about 50% of a crystalline silica having an oil absorption value less than 20 measured 
by ASTM standard test D281-84; and 

not greater tiian 25%, based on tiie total weight of the composition, of at least one organic solvent 
compatible witii tiie polyester and the isocyanato polymer. 
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A preferred one component zinc-rich composition adapted for rollercoat application to coil steel and 
flowcoat application to steel reinforcing bars (which are uses where the low VOC requirements are waived) 
comprises, In weight percent based on dry weight 
from about 10% to about 25% of a solid linear epoxy resin; 
5 from about 30% to about 60% particulate metallic zinc; 

from about 20% to about 40% crysfalRne silica having an oil absorption value less than 20 measured by 
ASTM Standard Test D281-84; 

fipom 3% to about 5% of a plurality of grades of amorphous pyrogenic silicas having average particle sizes 

ranging from about 0.007 to about 0.04 micron; 
10 up to about 1% of a suspension agent; and 

from about 10% to about 35%. based on the total weight of the compositiCKi. of organic solvents selected 

from the group consisting of methylethylketone, methylpropylketone, methylisobutylketone, methylamyt- 

ketone. butanol, isopropanoi, butyl acetate, amyl acetate, and mixtures thereof. 

A preferred two component zinc-rich composition adapted for application to metallic substrates 
IS comprises, in weight percent based on dry weight after admixture: 

from about 8% to about 25% of a solid epoxy resin having an epoxide value of about 400 to about 600; 

from at)out 30% to about 60% particulate metallk; zinc; 

from about 20% to about 30% crystalline ^llca having an oil ^)sorption value less than 20 measured by 
ASTM Standard Test D281-84; 
20 from 3% to Bbout 5% of a plurality of grades of pyrogenic amorphous siricas fiaving average particle sizes 
ranging from at>out 0.007 to at>out 0.04 micron; 

from about 7% to about 25% of a polyamide or polyamine crosslinking agent for said epoxy resin; 
up to about 1% anti^foaming and wetting agents; 
up to about 1% suspension agent and 
25 from about 10% to about 25%. based on tiie total weight of tiie composition, of organic solvents selected 
from tiie group consisting of ketones, alcohols, estors. aromatic compounds, and mixtures thereof. 

A preferred zinc-rich composition in powder form adapted for application to ferrous metal substrates 
comprises, in w^'ght percent 

from about 10% to about 25% of at least one particulate epoxy resin having epoxkie values ranging from 
30 atiout 800 to about 2200; 

up to atx>ut 5% of a flow control resin concentrate; 
up to about 6% of a thixotropic resin concentrate; 

from about 30% to atx)ut 55% particulate metallic zinc having a mean particle size ranging from afc>out 3 to 
about 6 microns: 

35 from at>out 20% to atxHJt 30% crystalline silica having an oil at>sorption value less than 20 measured by 
ASTM Standard Test 0281-84; 

from 3% to about 5% of a plurality of grades of amorphous pyrogenic silk^as having average particle sizes 
ranging from about 0.007 to about 0.04 micron; and 
up to about 2% of a catalytic type curing agent for said epoxy resin. 
40 A two component water-t)ased zinc-rich coating composition adapted for application to forrous metal 
sut>strates comprises, in weight percent based on the dry weight after admixture: 

from about 10% to alMUt 30% (tf an epoxy polymer which is liquid at room temperature, preferably having 
an epoxide value ranging from about 182 to 192; 
from about 30% to atx)ut 60% particulate metallic zinc; 
45 from about 20% to about 30% crystalline silica having an oil absorption value less than 20 measured by 
ASTM Standard Test D281-84; 

from 3% to about 5% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes 
ranging from about 0.007 to about 0.04 micron; 

from about 5% to about 20% of a water soluble polyamide crosslinking agent for the epoxy polymer. 
50 preforably having an amine value ranging from atx)ut 125 to about 160; and. based on the total weight of 

the composition: 
. from about 5% to about 15% of a water soluble glycol ethen 

up to aKx)ut 5% of a water soluble alkyl ether, and 

from at)Out 10% to at)out 25% water. 
55 Any one or more of the preferred or more pretended ranges indicated above can be used with any one 

or more of the broad ranges for tiie remaining components set forth atx)ve. 

The ASTM 0281-84 standard test method for oil absorption of pigments by spatula rub-out is as 

folfows: 
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1g (or any multiple thereof) of thoroughly mixed and air dried pigment is placed on a smooth glass plate or 
marble slab. Raw linseed oil (conforming to specification D234 except having an acid number of 3±1) is 
added gradually, drop by drop (by means of a dropping bottle fitted with ground-in pipet and rubber bulb, 
or buret graduated in 0.1 ml divisions) to the pigment After the addition of each drop, the oil is thoroughly 
incorporated by rubbing up with a sharp-edged steel spatula. The end point is reached when exactly 
enough oil has been incorporated with the pigment to produce a very stiff, putty-like paste which does not 
break or separate. Oil absorption value is reported as the number of pounds (grams) of oil required to wet 
exactly 100 pounds (grams) of pigment 

Coatings of the present composition In liquid fomi may be applied by conventional equipment including 
airless and electrostatic spray, dip, flowcoat, and roller coating, to obtain dried coating layers having a 
thickness ranging between about 10 and about 150 microns without the appearance of runs. All composi- 
tions are recoatable within 30 minutes after appKcation and indefinitely thereafter without subsequent loss of 
adhesion. The flexibility of coatings is suffk:lent to permit later forming of the substrate into parts for various 
manufacturing operations. Adhesion to aluminum and ferrous metal substrates is excellent. 

Coatings in accordance with the invention In powder fbnn may be applied by spraying to a preheated or 
postheated metallte substrate. More specifically, the powder may be applied by eiectrostalk: spraying to 
iron or steel substrates, fabricated as sheets, rods or tubes, which are heated prior to or after spraying to a 
temperature of about 460* F (about 232* C), which is sufficient to melt the partk^late epoxy resin, causing 
it to form a molten film in which the remaining constituents are unifomnly dispersed. A catalytic agent is 
preferably provided in the composition, in amounts up to about 2% by weight, which completes crosslinking 
of the resin rapidly, and the coated substrate is then quenched or cooled rapidly if preheated. Mixed grades 
of pulverized epoxy resins having epoxide values ranging from about 900 to 2000 are suitable for this 
embodiment Preferably a flow control resin concentrate and a thixotropic resin concentrate are included in 
the compositton, in amounts up to about 5% and about 6%. respectwely. based on the total weight of the 
compositk>n. Coatings of about 25 to about 100 microns in thickness can be applied in this manner. 

The fbltowing specific examples are given to illustrate various embodiments of the coating compositions 
of the present invention. They are not to be construed as limitations on the invention herein claimed. 



EXAMPLE 1 



A two component epoxy binder coating composition for use as an aircraft or aerospace primer was 
prepared by separately mixing the components set forth under Phase A and Phase B. respectively, the 
amounts being expressed in parts by weight and percent based on dry weight after admixture. 
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PHASE A 




Parts by 


% based on dry weight 




weight 




Liquid epoxy resin - Shell 828 (epoxide value 182-190) 


325 


17.4 


Zinc phosphate 


300 


16.1 


Crystalline silica - NOVACITE 1250 (oil absorption value about 17) 


250 


13.4 


Talc -MP-1 250 


50 


2.7 


Anti-foaming agent - BYK 300 


3 


0.2 


Solvent * methylisobutylketone 


145 


not applicable (N A) 


Solvent - methylethylketone 


145 


NA 


PHASE B 


Polyamfde hardener - Sykamid 300 


326 


17.5 


Color pigment * titanium dioxide 


50 


2.7 


Talc - MP-1 250 


175 


9.4 


Crystainne silica (silane treated) NOVAKUP 1250 


150 


8.0 


Crystalline silica - NOVACITE 1250 


175 


9.4 


Pyrogenic amorphous silicas: 






Aerosil 380 (0.007 micron) 


36 


1.92 


Aerosil 200 (0.014 micron) 


6 


0.32 


Aerosil 130 (0.018 micron) 


6 


0.32 


Aerosil 50 (0.04 micron) 


12 


0.64 


Solvent - xylenol 


192 


NA 


Solvent - butanol 


48 


NA 



sa Each phase was prepared by mixing with slow agitation in a pebble mill. The two phases were admixed 
in approximately 1:1 proportions by volume. The admixture had a viscosity of about 25 seconds in a Zahn 
No. 2 cup. 

Aircraft aluminum panels were sprayed with the admixture to provide a dried coating of less than 1 mil 
thickness. The coating was dry to the touch in minutes. Half the panels were subjected to the standard 
35 sattspray resistance test and withstood 7500 hours, at which time the test was terminated. The remaining 
coated panels were topcoated with a conventional polyurethane finish and subjected to tiie standard 
immersion test in water at 150* F. These panels passed 168 hours without formation of osmotic blisters. 
Adheskxi and flexibility of tiie epoxy primer coating were excellent 

40 

EXAMPLE 2 



A two component urethane binder coating composition for use as an aircraft or aerospace primer was 
45 prepared by separately mixing the components set forth under Phase A and Phase B. respectively* the 
amounts being expressed in parts by weight, and percent t)ased on dry weight after admixture. 



50 



55 
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PHASE A 




Parts bv 


% based on 




weiaht 


drv weioht 


Polyester - XP 631 


140 


14.7 


Reactive diluent QM 1007 


54 


5.7 


Strontium chromate - J-1365 


200 


21.0 


Crystalline silica (silane treated) NOVAKUP 11^0 


330 


34.7 


ryroQenic anriorpnous siiics». 






Cabosil HS5 (0.008 micron) * 


18 


1.88 


Aerosll 200 (0.014 micron) 


3 


0.32 


Aerosil 130 (0.018 micron) 


3 


0.32 


Aerosil 50 (0.04 micron) 


6 


0.64 


Solvent - Exxate 600 


80 


N.A. 


Solvent - n-butyl acetate 


80 


NA 


Solvent - methylettiyiketone 


54 


NA 


Catalyst - OABCO T-12 10% solution (dibutyltin dilaurate) 


0.5 


0.053 


Pot life extender - 2-4 pentanedione 


0.75 


0.078 


PHASE B 


Urethane - Mobay N-3200 


195 


^.5 


Solvent - methylpropylketone 


34 





25 

Each phase was prepared as in Example 1, and the two phases were admixed in approximately 3 parts 
by volume of Phase A to 1 part by volume of Phase 8. 

The admixture had a viscosity suitable for application by spraying. This urethane binder composition 
30 could be used without chromate pigments either as a primer coat or a finish coal. Its properties were tested 
and found to exceed ail existing requirements for aircraft application. 

EXAMPLE 3 

35 

A one component zinc-rich primer for application to fen-ous metal sutistrates by rollercoating. flowcoat- 
ing. and the like, was prepared by mixing the components wfth stow agitation in a pebble mill. The amounts 
are expressed in parts by weight and percent based on dry weight 

40 







Parts by 


% teased on 






weight 


dry weight 




Linear epoxy - Clba 488-40 (40% solkls In methylethylketone) 


475 


14.6 


45 


Zinc dust - N J. Zinc 64 (6 microns mean particle size) 


750 


57.8 




Crystanine sIRca - NOVACITE 1250 


300 


23.1 




Suspension agent - Bentone 38 


8 


0.62 




Pyrogenic amorphous silicas: 






50 


Cabosil HS5 (0.008 micron) 


20 


1.55 




Aerosil 380 (0.007 micron) 


7.5 


0.58 




Aerosil 200 (0.014 micron) 


7.5 


0.58 




Aerosil 130 (0.018 micron) 


7.5 


0.58 




Aerosil 50 (0.04 micron) 


7.5 


0-58 


65 ' 


Solvent - methylethylketone 


70 


N.A. 




Solvent - amyl acetate 


210 


NA 



t 
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The composrtion had a viscosity suitable for application by conventional equipment when reduced 25% 
by volume with an appropriate solvent blend. For rollercoat application to coll steel and flowcoat application 
to reinforcing bars, the low VOC requirements are waived, as Indicated above. Deposited dried coatings 
having a thickness between about 2.5 and 5 mils (62.5 and 125 microns) on degreased steel substrates 
5 exhibited the following properties: 

SaKspray test (Northrop NA1-1269 Rev. G) >2500 hours 
Adhesion (24 hr. H2O) excellent 
impact> 160 in lb 

Flexibility (23* C 50% R.H.) excellent 



EXAMPLE 4 



15 A two component zinc-rich composition for application to fen^us metal substrates by conventional 
ecpjipment was prepared by separately mixing the components set forth under Phase A and Phase B. 
respectively, in the manner described in Example 1, the arrujunts being expressed in parts by weight and 
percent based on dry weight after admixture. 



PHASE A 




Parts by 


% based on 




weight 


dry weight 


Solid epoxy resin - Shell 1001 (epoxide value 475-525) 


175 


9.2 


AnH-foamlng agent - BYK-052 


4 


0.2 


Wetting and flow control agent - Beetle 21 6-8 


8 


0.4 


Zinc dust - N.J. Zinc 64 


1100 


57.9 


Crystalline silica - NOVACITE 1250 


400 


21-0 


Anti-settiing and suspension agent - Bentone 38 


5 


0.3 


Pyrogm'c amorphous silicas: 






Cabosil HS5 (0.008 micron) 


30 


1.6 


Aerosil 200 (0.014 micron) 


10 


0.5 


Aerosil 130 0).O18 micron) 


10 


0.5 


Aerosii 50 (0.04 micron) 


10 


0.5 


Solvent * methylisobutyiketone 


140 


N.A. 


Solvent - methylamylketone 


70 


NA 


Solvent - xylenol 


70 


NA 


PHASES 


Polyamide hardener - amine value 55 (60% solids in isopropanol and toluene) 


250 


7.9 


Solvent - tHitanol 


75 


N.A. 


Solvent '100 aromatic 


25 


NA 


Solvent - 150 aromatic 


25 


NA 



This composition exhibited improved pot life after admixture in a 2:1 proportion by volume of Phase A 
to Phase B, and exhibited other properties comparable to those of Example 3. 

so 

EXAMPLE S 

s& An epoxy binder, solvent-free zinc-rich composition in powder form, having particular utility for 
application by electrostatic spraying to preheated ferrous articles such as steel reinforcing bars, is prepared 
by mixing the particulate components in a pebble mill. The amounts are expressed in parts by weight and 
percent by weight. 
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Parts by 
weight 


%by 
weight 


5 


O— ^y^y4 Ai"u^v\# . mtY£»H nrarloc Ann^rln VAlllfifi Off {Eootllf 37**834'1 

Flow control resin concentrate (Epotuf 37-846) 

Thixotropic resin concentrate (Epotuf 37-847) 

Curing agent (catalyst) (Epotuf 37-840 - proprietary comp.) 

Crystalline silica - NOVACITE 1250 

Zinc dust - Malvern 84 (4 microns mean particle size) 


350 
95 

110 
33 

450 
1000 


16.6 
4.5 
5.2 
1.6 

21.3 

4/ .t> 


10 


Pyrogenic amorphous silicas: 






16 


Aerosil 300 (0.007 micron) 
Aerosii 200 (0.014 micron) 
Aerosil 130 (0.018 micron) 
Aerosil 50 (0.04 micron) 


30 
10 
10 
20 


1.4 

0.5 
0.5 
0.9 



CoaBngs of about 2.5 to 5 mils (62.5 to 125 microns) thickness are applied to steel substrates 
preheated or postheated to about 230* C, at which temperature the resin components melt and flow to fonm 
a continuous film in which the other components are unifonmly dispersed. The coated substrates are then 
quenched if preheated, and the resulting coating provides excellent conrosion resistance, together with good 
flexibility and impact resistance. 



EXAMPLE 6 



A two component water-based zinc-rich composition having utility for ferrous metal substrates was 
prepared by separately mixing the components set forth under Phase A and Phase B. respectively, with the 
amounts being expressed In parts by weight, and percent based on dry weight after admixture. 





PHASE A 




35 




Parts by 
weight 


% teased on 
dry weight 


40 


Liquid epoxy resin - Shell 828 (epoxide value 182-190) 
Glycol ether - 0PM (medium boiling) 
Zinc dust - N.J. Zinc (5 microns mean particle size) 
Crystalline silica - NOVACITE (oil absorption value <20) 


250 
256 
1050 
425 


13.1 
NA 
54.8 
22.2 




Pyrogenic amorphous silicas: 






45 


Catxisil HS5 (0.008 micron) 
Aerosil 300 (0.007 micron) 
Aerosil 130 (0.014 micron) 
Aerosil 50 (0.04 micron) 


10 
10 
15 

25 


0.5 
0.5 
0.8 

1.3 




PHASE B 




50 


Water-borne amide - Casamid 360W (50% solids - amine value 130-160) 

Dipropylene methyl ethyl ether - BPM 

Water 

Anti-foaming agent - BYK 031 


250 
40 
542 
5 


6.5 
N.A. 
NA 

0.3 



The two phases were admixed in approximately 1:1 proponions by volume. Tlie resulting admixture had 
a viscosity suitable for application by conventional equipment. Deposited coatings dried within 25 minutes, 
and test panels exhibited properties comparable to those of Examples 3 and 4. 
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Claims 

1. A coating composition for tiie f^otection of substrates against environmental attack, comprising, in 
weight percent based on the dry weight of the composition: - 

5 from about 8% to at)out 35% of at least one film-forming polymer; 

0 to about 60% of a corrosion inhibiting agent selected from the group consisting of metal chromates, metal 

phosphates, metal molytxiates. particulate metallic zinc, particulate metallic aluminum, and mbdures thereof; 

from 3% to at^out 6% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes 

ranging from about 0.007 to about 0.04 micron; 
10 from about 15% to about 55% of at least one crystalline silica having an oil absorption value less than 20 

measured by ASTM Standard Test D2d1-84; and 

0 to 35%. based on the total weight of ttie composition, of at least one solvent compatible with said 
polymer. 

2. The composition of claim 1, wherein said polymer is selected from the group consisting of eposcy, 
15 phenoxy. uretiiane. vinyl chloride, acrylic, polyester, alkyd resins, and mixtures tiiereof. 

3. The composition of claim 1, wherein said film-forming polymer is an epoxy resin having an epoxide 
value of about 250 to 2500. and including from about 5% to about 30% of a cross linking agent for said 
epoxy resin. 

4. The composition of claim 3. wherein said solvent is selected from the group consisting of ketones, 
20 alcohols, esters, aromatic organic compounds, and mixtures tiiereof. in an amount less than 340 grams per 

liter of said composition. 

5. A coating composition for the protection of substrates against environmental attsu^k, comprising, in 
weight percent based on the dry weight of the composition: 

from about 10% to about 35% of a film-forming polymer which is liquid at room temperature in ttte 
25 presence of not more than 25% by weight solvents; 

up to about 25% of a corrosion inhibiting agent selected from the group consisting of metal chromates. 

metal phosphates, metal molybdates. particulate metallic aluminum, and mixtures tiiereof; 

from 3% to about 6% of a plurality of grades of amorphous pyrogenic silicas having average particle sizes 

ranging from about 0.007 to about 0.04 micron; 
30 from about 20% to about 50% of a crystalline silica having an oil absorption value of less than 20 measured 

by ASTM standard test D281 -84; and 

not greater than 25%. based on the total weight of the composition, of at least one solvent compatible with 
said polymer, said composition having a viscosity suitable for application of coatings by conventional 
equipment. 

35 6. The composition of claim 5. wherein said film-forming polymer is an epoxy, phenoxy. urethane. vinyl 
chloride, acrylic, polyester, or alkyd type resin. 

7. The composition of claim 5, wherein sakJ conrosion inhibiti'ng agent includes a chromate of at least 
one of zinc. stit>ntium and tiarium. and zinc phosphate, in a total amount ranging from about 10% to about 
20% by weight 

40 8. The composition of claim 5. wherein said film-forming polymer is a liquid epoxy resin, and including 
from afc)out 5% to about 30% by weight of a crosslinking agent for said epoxy resin. 

9. The composition of claim 8, wherein said solvent is selected from the group consisting of ketones, 
alcohols, esters, aromatic organic compounds, and mixtures thereof, in an amount less than 340 grams per 
titer of said composition. 

45 10. The composition of claim 5, wherein said film-forming polymer is a polyester, and including stout 

10% to about 20% by weight of a polyisocyanate crosslinking agent for said polymer. 

11. A two component coating composition as claimed in claim 5. said composition after admixture 

having a viscosity suitable for deposition of coatings by conventional equipment, comprising, in weight 

percent based on the dry weight of the composition after admixture: 
50 from atxHJt 10% to atx)ut 30% of a film-forming epoxy polymer, said polymer being liquid at room 

temperature; 

from at>out 5% to atXHit 30% of acrosslinking agent for said epoxy polymer; 

up to atx)ut 20% of a conrosion Inhibiting agent selected from tiie group consisting of metal chromates. 
metal phosphates, metal molybdates. particulate metallic aluminum, and mixtures thereof; 
55 from 3% to about 6% of a plurality of grades of amorphous pyrogenic silicas having average particle sizes 
ranging from about 0.007 to afcjout 0.04 micron; 

from about 20% to about 50% of a crystalline silica having an oil absorption value of less than 20 measured 
by ASTM standard test 0281-84; and 
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from about 10% to about 25%, based on the total weight of the composition, of at least one organic solvent 
compatible with said epoxy polymer and said crossllnking agent 

12. The composition of dalm 11, including up to 2% by weight of a coupling agent selected from the 
group consisting of silanes, organo-silicon compounds having an epoxy group, and mixtures thereof. 
5 13. The composition of claim 11, including from about 0.1% to about 10% by weight, based on the 
weight of said epoxy polymer, of a catalyst to accelerate the reaction between said epoxy polymer and said 
crossllnking agent 

14. The composition of claim 11, wherein said at (east one solvent is selected from the group consisting 
of ketones, alcohols, esters, aromatic organic compounds, and mixtures thereof, in a totat amount less than 

10 340 grams per liter of said composition after admixture. 

15. The composition of claim 11, wherein said crossllnking agent is a hardener selected from the group 
consisting of aliphatic polyamides, aromatic polyamides, aliphatic poiyamines. aromatic polyamines. and 
mixtures thereof. 

16. A two component coating composition as claimed in daim 5, said composition after admixture 
15 having a vi^osrty suitable for deposition of coatings by conventional equipment, comprising, in weight 

percent based on the dry weight of tiie composition after admixture: 

from afctout 10% to about 30% of a film forming polyol-containing polyester; 

from about 7% to about 25% of an isocyanate polymer as a crosslinking agent said polyester and said 
polymer t}eing liquid at room temperature in the presence of not more than 25% by weight solvents: 
20 up to about 25% of a corrosion inhibiting agent selected from the group consisting of metal chromates. 
metal phosphates, metal molytxiates. particulate metallic aluminum, and mixtures thereof; 
from 3% to about 6% of a plurality of grades of amorphous pyrogenic silicas having average particle sizes 
ranging from about 0.007 to ai>out 0.04 micron; 

from about 20% to about 50% of a crystalline silica having an oil absorption value of less than 20 measured 
25 by ASTM standard test D281-84; and 

not greater than 25% of at least one organic solvent compatible with said polyester and said isocyanate 
polymer. 

17. The composition of claim 16, wherein said at least one solvent is selected from the group consisting 
of ketones, alcohols, esters, aromatic organic compounds, and mixtures thereof, in a total amount less than 

30 340 grams per liter of said composition after admixture. 

18. A two component zinc-nch coating composition for the protection of metallic substrates against 
environmental attack comprising, in weight percent based on the dry weight of the composition after 
admixture: 

firom about 8% to atx>ut 25% of a fifam-forming polymer selected from tfie group cortsisting of epoxy resins 
35 having an epoxide value of about 250 to 2500, vinyl chkmde resins copolymerized with polyisocyanates, 

vinyl ctiloride resins copolymerized witti melamines, and mixtures tfiereof; 

from about 25% to about 60% particulate metallic zinc as a corrosion inhibiting agent; 

from about 3% to atxnjt 6% of a plurality of grades of pyrogenic amorphous silicas having average particle 

sizes ranging from about 0.007 to atx)ut 0.04 micron: 
40 from about 20% to atx>ut 30% of a crystalline silica having an oil atjsorption value of less than 20 measured 

by ASTM Standard Test D281-84; 

from 0 to about 30% of a crosslinking agent for said polymer; and 

not more than 25% organic solvents, based on the total weight of the composition after admixture. 

19. The composition of claim 18, comprising, in weight percent based on dry weight after admixture: 
45 from about 8% to about 25% of a solid epoxy resin having an epoxkle value of about 400 to about 600; 

from about 30% to about 60% particulate metallic zinc; 

from 3% to about 5% of a plurality of grades of pyrogenic amorpfious silicas having average particle sizes 
ranging from about 0.007 to about 0.04 micron: 

from about 20% to atx)ut 30% of a crystalline silica having an oil absorption value less than 20 measured 
50 by ASTM Standard Test D281-84; 

from about 7% to about 25% of a polyamide or polyamine crosslinking agent for said epoxy resin; 
up to about 1% anti-foaming and wetting agents; 
up to about 1% suspension agent and 

from about 10% to about 25%, based on the total weight of tiie composition, of organic solvents selected 
55 from tiie group consisting of ketones, alcohols, esters, aromatic compounds, and mixtures thereof. 

20. A one component zinc-rich coating composition for the protection of metallic substrates against 
environmental attack, comprising, in weight percent based on the dry weight of the composition: 

from about 10% to about 25% of a solid linear epoxy resin; 
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from about 30% to about 60% particulate metallic zinc; 

from 3% to about 5% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes 
ranging from about 0.007 to about 0.04 micron: 

from about 20% to about 40% of a crystalline silica having an oil absorption value less than 20 measured 
5 by ASTM Standard Test 0281-84: 

up to about 1% of a suspension agent; and 

from about 10% to about 35%. based on the total weight of the composition, of organic solvents selected 
from the group consisting of methylethylketone, methylpropylketone. methylisobutylketone, methylamyi- 
ketone, butanol, Isopropanol. butyl acetate, amyl acetate, and mixtures thereof. 
10 21, A zinc-rich coating composition in powder form for the protection of fennous metal substrates against 
environmental attack, comprising, In weight percent based on the total weight of the composition: 
from atKKit 10% to about 30% of a particulate epoxy resin having a melting point not greater than about 
250' C; 

from about 25% to about 55% particulate metallic zinc having a mean particle size between about 2 and 
15 about 10 microns as a corrosion inhibiting agent; 

from 3% to atx)ut 6% of a plurality of grades of pyrogenic amorphous sflicas having average particle sizes 
ranging from about 0.007 to about 0.04 micron; and 

from about 20% to about 30% of a crystalline silica having an oil absorption value less than 20 measured 
by ASTM Standard Test D281-84. 
20 22. The composition of claim 21. comprising, in weight percent based on the total weight of the 
composition: 

from about 10% to atxKJt 25% of at least one particulate epoxy resin having epoxide values ranging from 
about 800 to about 2200; 

up to about 5% of a flow control epoxy resin concentrate: 
25 up to atxHit 6% of a thixotropic epoxy resin concentrate; 

from about 30% to at)out 55% particulate metallic zinc having a mean particle size between about 3 and 
stout 6 mterons; 

from 3% to about 5% of a plurality of grades of pyrogenic amorpfious silicas having average particle sizes 
ranging from about 0.007 to at)out 0.04 micron; 
30 from at)Out 20% to atx)ut 30% of a crystalline silica having an oil absorption value less than 20 measured 
by ASTM Standard Test D281-84; and 

up to about 2% of a catalytic type curing agent for said epoxy resin. 

23. A two component water-based zinc-rich coating composition for ttie protection of metallic substrates 
against environmental attack comprising, in weight percent based on tiie dry weight of the composition after 

35 admixture: 

from about 10% to atxiut 30% of an epoxy polymer which is liquid at room temperature: 
from about 30% to about 60% particulate m^lte zinc; 

fifom about 20% to atxnit 30% crystalline silica having an oil at>$orption value less than 20 measured by 
ASTM Standard Test 0281-84; 
40 from 3% to about 5% of a plurality of grades of pyrogenic amorphous silicas having average particle sizes 
ranging from about 0.007 to about 0.04 micron: 

from about 5% to dbout 20% of a water soluble polyamide crosslinking agent for said epoxy polymen and. 
based on the total weight of the composition: 
from atxjut 5% to about 15% of a water soluble glycol ether. 
45 up to atx)ut 5% of a water soluble alkyi ether; and 
from about 10% to atx>ut 25% water. 

24. The composition of claim 1. 5, 18, 20. 21, or 23, wherein said plurality of grades of pyrogenic 
amor(^ous silicas comprises at least four grades, witii at least about one-third by weight of said silicas 
having an average particle size of about 0.007 to about 0.008 micron and the remainder being a mixture 

50 having average particle sizes ranging from about 0.014 to atx)ut 0.04 micron. 
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